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ABSTRACT
Synthetic Studies Toward
B-Alkylthiolanthionines
by
Hwa-OkKim, Master of Science
Utah State University,

1987

Major Professor: Dr. Richard K. Olsen
Department: Chemistry and Biochemistry
Synthetic routes toward a B-alkylthiolanthionine
found in the quinomycin depsipeptide antibiotics,

derivative,

have been studied

through a sequence involving as the . key intermediates

and steps (a)

(l) ,

(S) - Z-[(benzyloxycarbonyl)amino]-3,3-dimethoxy-l-propanol
prepared from N-benzyloxycarbonyl-L-serine in 3 or 4 steps,
benzyloxycarbonyl-0
alaninol

(b) N-

- tetrahydropyranyl-B,B-(ethylsulfinylethylthio)-

converted

(4a),

as

from l,

and (c)

catalyzed replacement of alkylsulfinyl

attempted

Lewis acid

function by thiol moiety of

cys te i ne, which gave undesired products .

Stab il i ty of protecting

groups

N,0-isopropylidenyl

used

in

tetrahydropyranyl

this

study,

which are

and

functions in N-protected-L - serinol 20 or 26, under

acidic conditions was found to play an important role in determining
the optical purity obtained in i.

Jone's oxidation and methylation

of l led to the formation of N-benzyloxycarbonyl-B,B-(dimethoxy)alanine methyl ester

(~) in low yield.

Swern oxidation or Moffat

oxidation of Z-L-Ser-Val-OMedipeptide (~), which was expected to be
converted to aldehyde 34, were carried out with unsuccessful results .

viii
Swern oxidation

was applied to various N-protected

amino alcohols

derived from Ct-amino acids to give the corresponding aldehydes with
excellent yields and optical purities.
(68 pages)

INTRODUCTION
The quinoxaline
cytotoxic2

activities,

quinomycins1 .
intercalation

which possess antibacterial 1 and·

antibiotics,
consist

the triostin 3 and

of two families,

They are known to bind DNA by the simultaneous
of both quinoxaline rings between the base pairs 4 and

to thereby inhibit RNAsynthesisS.
The triostins,
triostin

including its analogues which are represented

A, were isolated3a,

successfully.

In contrast

structure-determined3b

by

and synthesized6

to the wide study for the triostins,

the

studies for the quinomycins, which are produced by widely distributed
streptocetes,

are limited

except for the isolation

and structure

determination 7 .
Echinomycin is characterized

by its cyclic octapeptide structure

with a novel unsymmetrical dithioacetal
B-methylthiolanthionine

unit.

cross-bridge,

equivalent to a

It also contains two sets of D-serine,

L-alanine and N-methyl-L-valine residues.

The 2-quinoxalinecarbonyl

(Qxc) moiety is attached to the amino group of the D-serine residues
(Fig. 1).
The

interest

antibiotics,

in

the

total

synthesis

of

the

as has been accomplished for the related

quinomycin
triostins

by

Olsen and co-workers6b-c has led to a study for the preparation of
echinomycin.
Two synthetic
are:

routes toward echinomycin were envisioned,

which
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i)

Synthesis

peptide

of lanthionine

fragments

to

this

derjvative

unit,

and attichment

followed

of other

by cyclization

and

quinoxalization.

R

1
P:x

C02R

_r
R0 2C

SMe

NP
I
R

\

1

R

I
Cb:z- D -Ser-Ala-)::CO-Val

_rs
/

Echinomyci

ii)

t ...

Ala+-0+-Ser+-Cbz

n

As developed by 01sen and co-workers6c,

peptide

fragments

(Structure
thiol

Val-OC

SMe

and

cyclization

the synthesis

would be accomplished

A), followed by combination of dithioacetal

function

quinoxalization

to

give

(Structure

B).

B-methylthiolanthionine

of

first

moiety with
portion

and

4

R
Cbz-

D -Ser--Ala-)::CO-Vai

,:eS

SMe

Vat-OC

N +-Ala4-0+-Ser+-Cbz
I
R

-

A

R

Cbz-

I
D -Ser--Ala-::i::CO-Val

~s
Val-OC

l
SMe

N +-Ala+-O~Ser+-Cbz
I
R

l

-B
Echinomyci

.

n

Therefore, the exploration of synthetic route for the preparation
of a protected B-methylthiolanthionine,

such as l, has been a prime

objective needed to synthesize echinomycin.
In this thesis,

it will be discussed the successful synthesis

of

N-protected-2-ami no-3, 3-di a1koxy-1-propanol .Z., which is expected to
be an intermediate for the formation of B- (dimethoxy)alanine ~'

5

..

NHCbZ
.

.

H

NHCbz

OMe

Me

Me
OMe

OMe
3

2
and attempts
the

to prepare by the 8-alkylthiolanthionine

combination

of

the

derivative

N-protected-0-tetrahydropyranyl-B,

by
B-

(al kyl sul finyl al kylthio)al aninol 4a, obtained from- compound Z, with
suitable

cysteine

derivatives.

Also, attempts to effect

the primary alcohol function in dipeptide

~

will be discussed.

NHCbZ

Et

o&5Et
4a

oxidation

Cbz-L-Ser-Val-OMe

-

5

of

6

BACKGROUND
Several

attempts were carried

out for the preparation of 8l by Olsen and co-workers 8 . First,

methylthiol anthionine derivative
displacement
resulted

study of 8-chloro group in§.

in none of the desired product

-/~coc,H
s

5

:

,' •

7

~Val-0Me
Cl

-

with mercaptide anions

z.
-/NCOC,H,
S~Val-()Me

8

Other

0

SEt

0

-7

approaches

to

a derivative

Attempted Pummerer rearrangement
rearrangement of thiosulfinate

of

l were investigated .

involving

the

sulfoxide

gave an unidentified

~

or deoxygenated cysteine derivative,

§ or

product mixture

respectively.
NHCbz
.

..

~HBoc

..

J:'C0

IC02Me

2 Me

Me0 2C~oc
CbzHN~02Me

-

8

-

9

These unsuccessful results have led to the exploration of another
route for the preparation of 1.
exchange

reaction

of

Si nee it has been known that the

alkylsulfinylalkylthio

compound lQ

with

7

mercaptan and Lewis acid gave an unsymmetrical thioacetal
successfully 9 , it could be expected for lanthionine l to be

11

R'SH

+

-

-

11

10

prepared by the combination of thiol function of cysteine with
B,B-(alkylsulfinylalkylthio)amino

acid (ll).

Thus, the preparation

of the compound·,ll should be a prime objective.

0

NHP'
1

NHP"

+

PO~SH

+

RS

oP"'

0

SR
12

RSWP"'
NHP"

.

SR

O

-

13

However, it has been knownthat this type of compound.ll is rare
in nature,

and the method of preparation

Olsen and KolarlO reported efforts
toward 8,B-bis(alkylthio)-a-amino

is not known. Initially,

for the development of the methods
acids .ll or 1.§..

8

.
~

16

14

Preparation

of N-acetyl- 8 - (benzylthio)dehydroalanine

ester li from B-chloro dehydroalanine

methyl

ll was accomplished. However,

attempts to introduce a second molecule of mercaptan under either
basic or acidic conditions failed and led only to recovered reactant .
Therefore, as a new, expected route to obtain U, it is possible
to assume the following retrosynthetic

scheme.

NHP"

13

=::::>

HW°H

NHP"

=>

H

0

0

0

-

17

Since the aldehyde function
dialkylthio

H

methyl function,

in 11. should be equivalent

to an

one assumption in which the primary

hydroxyl function of serine might be converted to aldehyde seemed to
be attractive.

Unfortunately,

of primary hydroxyl function
Cr03/AcOHgave an oxamatell .

it has been known that the oxidation
in serine

with Collin's

reagent or

9

NHCbz

ZNH
.

HOvyOMe

,,

Tl

0

.

H~OMe

•

0

0

l
0

Jl. ...,....oMe
ZHN/

n

0

Recently, D'Angelli and co-workersl2 have reported the oxidation
of primary hydroxyl function to an aldehyde in the dipeptide Z-SerGly-OEt with

Moffat

system

(dicyclohexylcarbodiimide,

dimethyl

sulfoxide, H3P04).
ZHN

CO-Gly-OEt

0

HO
This result

CO·Gly-OEt

ZHN

has led to the application

of the same chemistry to

Z-Ser-Val-OEt (~), the oxidation product of which would be needed for
incorporation into echinomycin.

10

STRATEGY
The basic strategy toward B-alkylthiolanthionine

Lis

outlined

in the following scheme

Cysteine

+

R'
I

CbZ:xco,cH,
RS
1' R:Me

-

SR

or

-

18

Et

R':H or
Me

NHCbz

RO

NHCbz

RO

H

OR

Me

OR

u
NHCbz

==>

HO~OH
0

·

11

This approach was focussed on the stereospecific

transformation

of L-serine to the corresponding aldehyde, followed by acetalization,
oxidation and transacetalization.
would allow the generalization

It was expected that this strategy
of 18, and subsequent combination of

18 with cysteine derivative to construct the final structure 1.

12
RESULTSANDDISCUSSION

I is outlined in Scheme 1.

One approach toward methyl acetal

Preparation of N-(Benzyloxycarbonyl)-0Tetrahydropyranyl-L-Serine Ester (19).
Tetrahydropyranyl
quantitative

ether

yield

dihydropyran

by treatment

and

a

toluenesulfonatel3.
deprotected
chromatography)
ester
seri ne

give

with

is

1.1

toluenesulfonate,

19c

in

amount

of

of

followed

by treatment

19a was partially

and
with

hydrochloride),

n.-

pyridinium

ether

by the reaction

dihydropyran

liquid
methyl

of N-Cbz- L-

pyridinium

DMAP (4-dimethyl-

NHCbz
.
_.

HO~oH
0

THP~OR

n.-

EDC (l - Ethyl-3-(3-

(0 . 1 eq.) and methano114.

NHCbz
.

in

with 4.0 eq. of

MPLC (medium pressure

in 80% yield

eq.

that

available

Al so, tetrahydropyranyl

dimethylaminopropyl)carbodiimide
aminopyridine)

of N-Cbz-L-serine

noteworthy

puri fi cation.

19b was prepared

19a was readily

catalytic

It

to

ester

.

0
19 a R:THP
- b R =Me
c R: H

13

SCHEMEl*

NHCbz

.

~HCbZ
.

HO~OH

TH~OR
0

0

a R:THP

19

b R=Me

NHCbz

NHCbz

.S-

THP~H

-

THPO~H

C)

20

23

~HCbz

H

.
·

OMe
OMe

-

2

*a) 4.0 eq. DHP,PPTs or i) 1.0 eq. DHP,PPTs ii) DMAP,MeOH,EDC
b) LiAlH4 or NaBH4/LiClc) DIBAL-Hor modified SMEA-H
d) Swern or
Pyridine .S03, DMSO
, TEAe) MeOH,Q-TsOH.

14

Preparation of N-(Benzyloxycarbonyl)-0Tetrahydropyranyl-L-Serinol (20).

The N,0-protected-L-serine

esters 19a and 19b were reduced to the
15 in
corresponding alcohol 20 by treatment with LiAlH4 or NaBH4/LiC1
high yield after purification.

.

NHCbz
NHCbz
.

·TH~OR

THPO~H
0

-

20

1!3 a R:THP
b R=Me

However, when the reduction of 19a or 19b was performed with various
reaction

conditions,

the optical

rotation

of 20 showed variable

values after silica gel chr~matographic purification
Table I.
Entry

(Table I).

Optical Rotation of 20 with Various Reduction Conditions.*
Ester
Reducing agent
Reac. temp.
[~]5 3 **

1

19a

LiAlH4

- 15 °c

+ 6.78

2

19a

LiAlH4

- 15 °c

+ 13.65

3

19a

LiAlH4

4

19b

DIBAL-H -65 °c ---> 5 oc

5

19b

NaBH4/LiCl

r.t

+ 6.25

6

19b

LiAlH4

15 °c

+ 4.0

0 °c ---->

r.t

+ 4.4
+ 7.28

* All crude materials were treated to silica gel chromatography
using chloroform and acetone as an eluant.
** Solvent for optical rotation was chloroform.

15

In attempting to ascertain

the causes of this varjety of optical

rotation,

.

NHZ

NHZ
.

.

Bn~OTHP

BnO~oH

-

-

21

22

N-1-Boc-O-Bn-L-serinol (il)

was chosen as a model compound and

protected with dihydropyran to give 22, followed by carrying out the
chromatographic elution.

Two times 22 was chromatographed, and each

time the sample of 22 showed complete retention of optical purity,

as

shown in Table II.
TableII.

Optical Rotation of 22 after Chromatographic Purification.

Chromatography(Hexane:EtOAc)
1st

+ 6.94

2nd

+ 7.37

Furthermore,
seri nol
integrity
of optical

26a

s i nee neither

(TableVI)

under the silica

N,0-i sopropyl i denyl

nor 0-Bn-L-serinol

protected

(il)16

lost

gel chromatographic condition,

optical
this loss

purity for 20 should have occurred by the instability

THPgroup in acidic condition.
~HCbz

THPO~oH~

H•

~HCbz

HO~o~

+

0
0

1~
NHCbz

THPO~H

L-

+

of

16

Preparation of N-(Benzyloxycarbonyl)-2Amino-3,3-Dimethoxy-l-Propanol (2).
Alcohol 20 was subjected to Swern oxidationl 7 or PCCmethod18 to

provide the corresponding aldehyde 23 in 80-92%or 38%yield.
~HCbz

NHCbZ

THPO~H

•

.

THPO~H

-

20

0

Also, aldehyde 23 could be obtained from THP ester

19a by

reduction with DIBAL-Hl9in 70%yield.
Without further

purification

of aldehyde 23, which was unstable

on chromatographic puri fi cation,

acetali zat ion was carried

treatment with methanol and a catalytic
acid to provide the acetal

z in

out by

amount of Q-toluenesulfonic

55-80%yield after purifjcation.
~HCbZ

NHCbz

..

•

TH~H

H~OMe

0

OMe
2

It is noteworthy that various values of the optical rotation were
obtained (Table III)

and that severe racemization had occurred as

ascertained by conversion of Z, which was prepared from 23 via route
Qin Scheme1, into the Mosher's ester20 (entry 5 in Table III showed
only 14%ee).

MeOXCf
Ph'

~HCbz

3

0

. y-~OMe
OMe

17
Various Reaction Conditions for Pregaration of 2; Ogtical
Rotation of 2.

Table III.
Entry

[O!fJ *

Purification

Reac. Temp.
{Reac. Time)

1

r.t

(30 min.)

column

+ 1.6

2

reflux

(6 hrs.)

column

+ 0.2

3

reflux

(4 hrs.)

column

+ 0.67

4

r.t

(overnight)

column

+ 1.0

5

50

MPLC

+ 0.3

6

reflux

MPLC

+ 0.63

°c (12

hrs.)

(2 hrs.)

* Solvent for optical rotation was chloroform.
Therefore, it could be concluded that the step of purification
THPether alcohol 20 and the step of acetalization
acetal

z should

of

of aldehyde 23 to

be possible causes for racemization.
NHCbz

THPO~H

NHCbz

•

H~H

0

1i

NHCbz

H

H

HO

~

0

H

It has been reported 21 that the compound25b can be reduced by
DIBAL-Hto give the corresponding aldehyde 27b, which is stable on
chromatography because of the large size of 1-butoxycarbonyl group
and the rigid ring system (Scheme 2).

Therefore, the same chemistry

was applied to avoid the racemization which was shown during the
preparation of

z with

THPether serinol 20 or serinal 23.

18

Preparation of N-(Benzyloxycarbonyl)-N,0Isopropylidenyl-L-Serine Methyl Ester (25a).

As a starting

compound, N-Cbz-L-serine was converted to N-Cbz-

N,0-isopropyl idenyl-L-serine
ways.

First,

methyl ester

(25a) by two different

as shown before, the methyl ester 19b was treated with

methanol and a catalytic

amount of Q-toluenesulfonic

the hydroxyl-deprotected

methyl ester

acid to provide

24 in 93% yield.

N-Cbz-L-

seri ne methyl ester 24 was then readily protected by reaction with
2,2-dimethoxypropane and a catalytic

amount of Q-toluenesulfonic

acid

to give compound25a in 95%yield .
In second approach, N-Cbz-L-serine was converted to compound25a
by treatment with methanol and Q-toluenesulfonic

acid, followed by

reaction

Q-toluenesulfonic

with 2,2-dimethoxypropane and additional

acid (90%yield).
Table IV. Optical Rotation of 25a.
Method of Preparation of 25a

[O:']t>3
(CHCl3)

1

1st Approach

- 51.3

2

2nd Approach

3

3rd Approach

- 52. 7
- 51.5

Preparation of Acetal 2 from Methyl Ester 25a.
With N,0-protected-L-serine

methyl ester

25a,

reduction

was

carried out with modified sodium bis(2-methoxyethoxy)aluminum hydride
(SMEA-H)22
to the corresponding aldehyde 27a in 41%yield.

19

SCHEME2*

NHCbz
.

NHCbz

a

-+

HO~OH

:

THPO~Me

0

0

le
~~R
.
O~OMe

-

19b

b!

"lHCbz

•

d

HO~Me

0

0

-

25 a R: Cbz

ei b R=Boc

+~R
0
:
OH
~

-

26

a R: Cbz
bR=Boc

-

24

~
+~R
9

...

0~
0

lh-

27 a R: Cbz

b R=Boc

DMAP,MeOH,EDCb) MeOH,Q-TsOHc)
2

* a) i) 1.0 eq. DHP, PPTs ii)
MeOH,Q-TsOH---> DMP,Q.:.TsOH
d) DMP,Q-TsOHe) LiAlH4or NaBH4/LiCl
f) modified SMEA-H
g) Swern oxidation h) MeOH,Q-TsOH.

20
Another route to provide 27a was carried out. Compound25a was
15, to give the
treated with LiAlH4 or a mixture -0f NaBH4/LiC1
corresponding alcohol 26a in 65-95%yield after purification.

-r-~Cbz • -1-~Cbz
0

O~OMe

0

:

~

H

0

-

-

2sa

27a

-r-~Cbz
~OMe

•

-1-NCbz

0

0
E
OH
~

-

-

26a

25a
It is noteworthy to observe the difference

of optical stability

between 20 and 26a. Table V shows that isopropylidenyl group is more
stable than THPfunction on silica

gel purification.

The alcohol 26a was then subjected to oxidation to give aldehyde
27. Treatment of 26a with pyridine-SO3, DMSOand triethylamine 15
gave aldehyde 27a in 84%yield.
Table V. Optical Rotation of Alcohol 26a.
Chromatographic Method
Reagent

(Solvent)

[ato3 *

Li AlH4

Fl ash (CHCl3:acetone)

- 18.1

LiAlH4

TLC (hexane:EtOAc)

- 17.5

MPLC (CHCl3:acetone)

- 16.5

NaBH4/LiCl

* Solvent for optical rotation was chloroform.

21

-f-NCbz
.
O

:

+!"Cbz

~

0

OH

-

:

~

26a

H

0

-

27a

Also, alcohol 26a, could be converted to 27a with Swern oxidation
in 81% yield.

However, the aldehyde 27a showed much different

optical rotation with various reaction conditions and chromatographic
purification.

This result

strongly suggested that the aldehyde 27a

should be unstable to silica gel chromatography.
On aldehyde

27a,

which was not

chromatography, acetalization
and a catalytic

purified

on silica

was carried out by reaction of methanol

amount of Q-toluenesulfonic

desired acetal I in 98%yield after purification

acid to provide the
on silica.
tJHCbZ

H~OMe
.
27a

gel

OMe

-2

22

z showed a

However, the 19F NMR
of Masher's ester of

M~Cf

~HCbz

3

value of 60%ee .

.

Ph~·yo~oMe
OMe

Oxidation of Acetal 2 to B,B(Dimethoxy)alanine Methyl Ester (3).
One general approach to the preparation of carboxylic acids from
alcohols is to employ an oxidizing agent such as Jone's reage~t23.
The reaction
investigated

of

z

with Jone's

reagent

and esterification

were

as a route to J.

Overnight stirring

of

z with

Jone's reagent at room temperature

in acetone led to a complex mixture, including starting
subsequent methylation
compoundJin

compound;

with known methodl4 provided the

9%yield after chromatographic separation.

.

NHCbZ

NHCbz

.

H~OMe

MeOyyoMe
OMe

-

2

•

OMe

-

3

target

23
This unsatisfactory

result

led to the explorat_ion of another

route for oxidation of hydroxyl function of
was applied to

z by usual

z.

Thus, Swern oxidation

manner to provide the undesired compound29

as a major product from the complex mixture,

instead

of acetal

NHCbz

a1dehyde 28.

OMe

Ho0yOMe
~
~HCbZ

OMe

-

28

OMe

-

2

NHCbz

~Me

0
~9

Other

oxidation

methods,

such

as

KMn04/0H-, 02/Pto224,

NaI04/RuCl325, PDC/DMF26,gave complex mixtures

of

unidentified

materials.
Attempts of Combination of 4a with
N-Acetyl-L-Cysteine Methyl Ester.

With compound

z

methylthiolanthionine

available,
derivative

to alkylsulfinylalkylthio

the

toluenesulfonic
hydroxyl

step

toward the

group and combination with thiol
group.

30a by the reaction with ethanethiol

followed

by oxidation

function

Accordingly,

acid in chloroform in 75% yield.

function,

8-

was the conversion of acetal moiety

to provide the unsymmetrical thioacetal
converted to thioacetal

next

with

z was
and Q-

Protection
1.0

eq.

of

of m-

chloroperbenzoic acid in ethyl acetate led ·to ethylsulfinylethylthio

24
compound4a in 75%yield.
However, in the
catalyzed

next

step,

Lewis acid

(boron trifluoride)

combination of 4a with N-acetyl-L-cysteine

methyl ester

gave the mixture of undesired compounds, 11 and 32, which were
assigned by 360 MHzNMR,as major products instead of 33. Obviously,
these

undesired

products

neighboring group (e.g.,

were made by the

participation

of

benzyloxycarbonyl group) . The same reaction

was carried out several times using various Lewis acids (AlCl3, ZnI2,
TiCl4); however, the resulting products were nearly the same.
With these

unsuccessful

results,

preparation of sulfonium salt,
thio function,
methylthio

toluenesulfonic

which is expected to be an activated

was investigated.

acetal

30b by the

as a modified method, the

acetal 2. was converted to

First,
reaction

acid in quantitative

yield .

of methanethiol

and

Q-

Protection of hydroxyl

function with an acetyl group, and attempt to methylate at the thio
moiety with methyl iodide was carried out.

However, even at reflux

temperature of chloroform solvent, the reaction did not occur at all.
Attempted Oxidation of Cbz-L-Ser-Val-OMe
.

ZH

HO

CO-Val-()Me

5

co-Vat-OMe

ZHN

H

0

-

34

As mentioned above, it has been reported that Cbz-L-Ser-Gly-OEt
dipeptide was oxidized to the corresponding aldehyde with Moffat

.25

SCHEME

3*

NHCbz

~HCbZ

H

:

OMe

a

•

HO~FI
SR

OMe

-

30 a

-

2

R: Et
b R=Me

NHCbz
CbzH

OH

• ll
$Et
4 a R:Et,

ct
-

R=THP

R':O

b R = Me, R::Ac
-''-.
n-.

.

N.HAc

BnS~Me

N.HAc
.

+Etss0yoMe

0

-

31

0

-

32

* a) EtSH, Q-TsOHor MeSH,Q-TsOHb) i) DHP, PPTs ii) m-CPBAor i)
Ac20, pyridine c) Lewis acid, N-Ac-L-Cys-OMe.
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systeml2.

This reaction

in di peptide
group

seemed to be particularly

attractive,

conversion of the hydroxyl function

(2)

(compound 34)

would provide

a

potential

since

into aldehyde
route

to

an

unsymmetrical thioacetal.
However, application

of Moffat system to 2 by the known procedure

did not provide the expected aldehyde 34 but starting
recovered.

This phenomenon could be explained

material 2 was

by the steric

conformational effect of isopropyl group in valine moiety2 7 .
different

reaction

The results

conditions

of Swern type reaction

were unsatisfactory

or

Several

were applied.

in that unreacted starting

compound~

was obtained or unseparable complex mixtures were obtained.
Preparation of Optically Active a-amino
Aldehydes by Swern Oxidation.
There are many methods known for oxidation
amino alcohols
Recently,

Kanellis

optically

N-protected
and co-workers

a-amino

aldehydeslS,

reported

the

19,

28

preparation

of

acids with borane-THF complex, followed by the

of resulting

alcohols with Poc28b.

seemed to have the difficulty
~

a-amino

(3-

active N-protected 0:-amino aldehydes by the reduction of

N-protected
oxidation

to

of N-protected

for preparation

However, this

method

of the optically

pure

-amino aldehydes.
Also,

Hamada and co-workerslS

reported

amino aldehydes by the sequence of reactions

the preparation

ofct' -

which involved reduction

of N-protected amino acid ethyl esters to the corresponding alcohols
and subsequent oxidation

to

a-amino

aldehydes with pyridine-SO3

complex and DMSOin th.e presence of tri ethyl amine.
reaction

However, this

required the less milder reaction condition and an excess of

27
reagents.
The Swern oxidation has been applied to many systems and has
shown successful

Thus, in view of the difficulties

results.

obtaining the optically

pure

in

<Y-amino aldehydes by other methods,

plus the lack of application of Swern oxidation to 8-amino alcohols,
we applied

the Swern method to the preparation

of

O!-amino

aldehydes.
First

of all,

the 8-amino alcohols were prepared by various

methods:
1.

Reduction of mixed anhydride with NaBH428d;Cbz-glycine, Boe-

alanine or Boc-leucine were treated
tri ethyl amine at be1ow O

0

c,

with ethyl chloroformate with

fo 11owed by treatment with NaBH4in

water to provide the corresponding alcohols in good yields.
2.

N-1-Boc-N,O-isopropylidenyl-L-serine

methyl

ester

(25b),

which is known compound21,was treated with mixture of NaBH4/LiClat
room temperature to provide 26b in quantitative
3.

yield (Scheme 2).

Boc-valine was converted to methyl ester by treatment of EDC,

DMAP,and methano114 , followed by reduction with LiAlH4 to yield the
alcohol in 69%yield.
4.

Compound 39 was prepared

reactions

(Scheme 4).

by the

sequence of following

Commercially available N-Cbz-L-methionine (35)

was converted to the corresponding alcohol 37 by the reaction with
EDC,DMAP,and methanol, followed by the reduction with LiAlH4 in 85%
yield.
oxidation

Protection

of hydroxyl function

with dihydropyranl3

and

with 1.0 eq. of m-chloroperbenzoic acid gave sulfinyl

compound 38 in 91% yield.

Thermal elimination

heating in Q-dichlorobenzene provided the target

reaction

29 by the

alcohol 39 in 50%

28

yield .
With the N-protected
was carried

out;

B-amino alcohols

N-protected

B-amino alcohols

activated . complex of DMSOat -65
triethylamine

°c.

After 30-40 min. stirring,

or no racemization

were very high (76-100%) and

was detected,

amino al dehydes obtained were reconverted
alcohols
optical

were added to the

was added to accomplish the reaction.

As shown in Table VI, the yields
little

in hand, Swern oxidation

with NaBH4in alcoholic
purities.

since the N-protected O:'to the starting

B-amino

solvent without any loss of their

29

SCHEME

4*

.

NHCbz
Me~OH

.

NHCbz
:

a
._..Me~OMe

0

0

-

35

-

36

NHCbZ

~

MeS'

/'....
'-'

~~.;OTHP ••

to--

NHCbz
.
c

Me~OH

-

-

37

38

NHCbz
:

NHCbz

.

-~OH

~H

-

39

*

.

40

a) DMAP, MeOH, EDC b) LiA1H4 c) i) DHP, PPTs ii)
dichlorobenzene, reflux e) Swern oxidation.

0

m-CPBA d) Q-
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Table VI.

Swern Oxidation of Various B-amino Alcohols and Their
Resulting Optical Rotations.
RCHCHpH
NHR'

RCHCOOH
NHR'

_.

~

-

J:I

:I

Entry

I

Yield of II (%)

RCHCH:0
NHR'

Starting
I

Converted
From II

1

Cbz-Gly-ol

98

2

Boc-Ala-ol

100

- 10.7

- 9.2

3

Boc-Val-ol

90

- 18.1

- 18.2

4

Boc-Leu-ol

90

- 27.9

- 19.7**

5

N-Cbz-0-THPSer-ol (20)

80

+

6

N-Cbz-N,O-isopropylidenyl-Ser-ol(26a)

81

- 18.1

- 0.7

7

N-Boc-N,0-isopropylidenyl-Ser-ol(26b)

100

- 25.2

- 24.6

8

N-Cbz-2-amino-3propen-1-ol(39)

76

- 31.3

- 32.0

6.78

+

1.7

So1vents of opt i ca 1 rotation of I were CHCl
~ except entry 4
(methanol).
All aldehydes provided not purified on silica gel
except entry 5 and 6 (purified on preparative TLC).
** Reduction of Boe-Leu-al (entry 4) with NaBH4was carried after
the aldehyde had been stored at room temperature for some days.
This aldehyde is known to undergo partial racemization at room
temperature. (Reference 28c).

*
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SUMMARY
As shown above, the synthesis of the key compoundswhich were
expected

to

be the

alkylthiolanthionine

intermediates
was carried

amino]-3,3-dimethoxy-1-propanol
(benzyloxycarbonyl)-L-serine

for

out.

(l)

provided, but in only 9% yield.

of

B-

was

prepared

from

N-

From compoundl,

N-

methyl

ester

(~)

The B,B-(ethylsulfinylethylthio)

was
-

4a, which was obtained from l, was subjected to

alaninol derivative
combine with thiol
product,

preparation

(S)-2-[(Benzyloxycarbonyl)

in 3 or 4 steps.

( benzyl oxycarbonyl )-B, B-dimethoxyalani ne

desired

the

moiety of cysteine

derivative;

however, the

8-methylthiolanthionine

derivative

33,

was not

obtained.
Several attempts to carry out the oxidation

of the alcohol

function of dipeptide ~' Cbz-Ser-Val-OMe, to _an aldehyde function
were not successful .
Successful preparation

of Q:'-amino al dehydes was accomp1i shed

with B-amino alcohols by the Swern oxidation in excellent yields and
optical purities .
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EXPERIMENTAL
SECTION
All solvents used were distilled

in glass.

di stilled

from sodium benzophenone ketyl .

distilled

from P205 and stored

Methyl alcohol was distilled

Tetrahydrofuran was

Methylene chloride was

over Linde 3A molecular sieves.

from sodium methoxide. Nuclear magnetic

resonance (NMR)spe~tra were obtained for all compoundseither on a
Varian EM-360,JEOLFX 90Q, or Varian XL-300 spectrometer.

Infra-red

spectra

were recorded on a Perkin-Elmer Model 297 spectrometer.

Optical

rotations

were recorded on a Perkin-Elmer 241 automatic

polarimeter.

Elemental

analyses

Laboratories,

Phoenix, Arizona.

were

liquid

column packed with

by

Preparative and analytical

performed on commercially prepared silica
Medium pressure

performed

gel

M-H-W

TLCwere

on glass

plates.

chromatography (MPLC)30 was performed on
silica

gel

60

chromatography was performed by Still's

(0.040-0.064

mm).·

Flash

method31.

N-(Benzyloxycarbonyl)-0-TetrahydropyranylL-Serinol (20).

LiAlH4 Method. To a stirred
23.1 mmo
ls)

in methylene chloride

solution of Cbz-L-serine (5.5 g,
(150 ml) was added di hydropyran

(8.5 ml, 93 mmols) followed by pyridinium Q-toluenesulfonate
at room temperature.

The reaction was allowed to stir

(500 mg)
overnight.

After removal of the solvent, the oily residue was taken up in ethyl
acetate

(200 mLO, and the organic phase was washed with brine to

remove the catalyst,

dried over Na2S04, and concentrated to give 19a

as a yellow oil in almost quantitative

yield:

NMR(CDCl3, 90 MHz)C

1.59 (br s, 16H), 3.2 - 4.0 (set of m, 7H), 4.56 (br s, 2H), 5.13 (s,
2H, 5.72 (br, lH), 7.34 (s, SH). Rf (chloroform:

acetone= 80

20)

33
0.87.
Without further

purification,

the above THPether ester 19a in

THF (30 ml) was added to a stirred
mmols) in THF (65 ml) at -15

°c.

solution of LiAlH4 (1.4 g, 37
After stirring

. 2 hours, the

reaction was quenched carefully with ethyl acetate (3 ml) and water
(5 ml), and a11owed to warm to room temperature.
removed in vacuo, and the resulting
acetate

(100 ml) and filtered

The so1vent was

reside was taken up into ethyl

under suction to remove the insoluble

materials.
The filtrate

was separated, and the aqueous phase was extracted

with ethyl acetate

(50 ml).

The organic phase and extract

were

combined, washed with brine (50 ml}, dried (Na2S04) and concentrated.
The crude product was purified on MPlCusing chloroform:
: 10) as an eluant to give 20 as a colorless
Cbz-l-serine)

:

[O!T6+13.6

acetone (90

oil (5.78 g, 81% from

(c 0.63, CHCl3); NMR(CDCl3, 90 MHzx,'

1.55 (br s, 6H), 3.2 -4.0 (m, SH), 4.51 (s, lH), 5.08 (s, 2H}, 5. 61
(br, lH), 7 .32 (s, SH). Anal. Calcd. for C16H23N05: C, 62.14; H,
7. 44; N, 4.53.

Found: C, 62.11; H, 7.68; N, 4.37.

Rf (chloroform:

acetone= 80 : 20) 0.58.
NaBH4fliClMethod. To a stirred

solution of N-Cbz-L-serine (2.0

g, 8. 4 mmomls)in methylene chloride (30 ml) was added dihydropyran
(0.84 ml, 9.2 mmols), followed by pyridinium Q-toluenesulfonate
mg).

The reaction

was stirred

(200

at room temperature for 4 hours.

After most of the organic solvent was removed by evaporation,

the

residue was taken up into ethyl ether (50 ml), washed with brine (20
ml), dried (Na2S04) and concentrated to give 19c as a yellow oil in
quantitative

yield with trace of 19a: NMR(CDCl3, 90 MHz)O1.59 (br,

34
6H), 3.3 - 4.0 (set of m, 4H), 4.2 (m, lH), 4.57 (br s, IH), 5.13 (s,
2H), 5.87 (br m, lH), 7.34 (s, SH), 9.81 (br s, lH).
acetone=

80 : 20) 0.15.

Without further
methylene chloride

purification,

was added at O

0

After

c,

20 min. stirring,

for

removed, and the oily residue
and water (20 ml).

overnight.

at O

with ethyl

acetate

(Na2S04), and concentrated.

in ethyl

H, 6.82;

N, 4.15.

(chloroform:

Found:

acetone=

To a stirred

C, 60.65;

acetate

brine

(20 ml),

N2 atmosphere.

was purified

(100 ml).
dried

The combined

0 1.59

on MPlC
(2 . 74 g,

(br, 6H), 3.3

lH), 5.12 (s, 2H),

H, 6.86;

N, 4 . 04.

of LiCl (640 mg,. 15 mmols) and NaBH4(570

mixture was concentrated,

ethyl

and the aqueous

19b as an oil

(20 ml) was added dropwise

19b (2.44 g, 7.24 mmols) in THF (15 ml) and ethanol

reaction

(60 ml)

80 : 20) 0.82 .

solution

under

was

Anal. Calcd. for C17H23N05: C, 60. 53;

mg, 15 mmols) in THF (15 ml) and ethanol

temperature

solvent

The product was purified

of m, SH), 3.68 (s, 3H), 4.5 (br s,
lH), 7.34 (s, SH).

for 2 hours

NaHC03 (30 ml), water (30 ml),

97%) : [Q')i>3 +21.1 (c 0.75, CHCl3); NMR(CDCl3)

5.87 (br,

c

acetate

(2 x 20 ml).

: acetone = 80 : 20) to provide

- 4.1 (set

0

Most of the

was dissolved

phases were washed with sat.

(chloroform

in

EDC (1.91 g, 10 mmols)

The organic layer was separated,

phase was extracted

dried

19c was dissolved

and the mixture was stirred

room temperature

organic

above oil

(80 ml) and methanol (5 ml) and DMAP(510 mg, 4.2

mmols) were added.

and at

Rf (chloroform

The ethyl

After

12 hours · stirring

and the residue
acetate

(Na2S04), concentrated,

(20 ml) at room

solution

, the

was taken up in
was washed with

and the crude product

on co 1umn chromatography ( ch 1oroform : acetone

= 80 :

35
20) to provide 20 as an oil (2.20 g, 98%):

[a fJ

+6.25 (c 0.8, CHCl3); NMR
. and TLC were superimposable to

authentic sample.
Reduction of 19b with DIBAL-H. To a stirred

solution of 19b

(6.85 g, 20.3 mmols) in THF (100 ml) was added dropwise DIBAL-H(IM
in hexane, 22. 3 ml) at -65 °c to stir

for 5 hours at the same

temperature and allowed to warm to 5 °c.

The reaction was quenched

with IN HCl (70 ml) and the organic layer was separated.
phase was extracted with ethyl ether (150 ml).

The aqueous

The combined organic

phases were washed with brine (100 ml), dried (Na2S04), concentrated,
and purified

on MPLC(chloroform : acetone• 95 : 5) to provide the
3 +7.28° (c 0.98, CHCl3) and the
alcohol 20 (2.42 g, 39%) : [Ct'to
aldehyde 23 (2.22 g, 37%) :

[CTtff+11.6° (c 1.3, CHCl3).

{S)-N-{t-Butoxycarbonyl)-0-Benzyl-OTetrahydropyranyl-L-Serinol {22).

To a stirred

solution

of N-!-Boc-L-serinol

(ll)

(480 mg, 17

mmols) in methylene chloride (30 ml) was added dihydropyran (1 ml)
and pyridinium Q-toluenesulfonate
overnight stirring,

(50 mg) at room temperature.

After

most of the solvent was removed in vacuo, the

oily residue was taken up into ethyl ether (SO ml) and washed with
brine (20 ml), dried (Na2S04), concentrated to give 23 as an oil in
quantitative

yie .ld.

Took a small amount of sample for purification

on preparative

TLC ( hexane : ethyl acetate = 80 : 20) two ti mes.
3 +6.94° (c 1.35, CHCl3)and second value of
First value of [CT]b

t:tfJ

+7.37° (c 3.08, CHCl3, CHCl3) and second value of

[0!!6 +7.37°

3.08, CHCl3)showed no racemizatton on preparative TLC.

(c

36
N-(Benzyloxycarbonyl)-0-TetrahydropyranylL-Serinal (23) with PCCMethod
from Alcohol 20.
To a stirred

solution of pyridinium chlorochromate (530 mg, 2.5

mmols) and sodium acetate trihydrate

(100 mg) in methylene chloride

(20 ml) was added 20 (690 mg, 2.2 mmols) in methylene chloride (10
ml) at room temperature.

After 20 hours stirring,

the reaction

mixture was diluted with ethyl ether (50 ml) and filtered.
was concentrated
(chloroform:

and _residue

acetone=

90:

with a recovered starting

purified

Filtrate

on column chromatography

10) to give 23 as an oil (260 mg, 38%)
material

(190 mg).

NMRand TLC were

superimposable to authentic sample.
N-(Benzyloxycarbonyl)-0-TetrahydropyranylL-Serinal (23) with OIBAL-H
from 19b.

To a stirred

solution of 19b (860 mg, 2.55 mmols) in THF (20 ml)

at -65 °c was added DIBAL-H(1 Min hexane, 5 ml) under N2 atmosphere
and stirred

for 30 min. at -65 °c.

The mixture was quenched with lN

HCl (5 ml) and extracted with ethyl ether (2 x 30 ml).

Extracts were

washed with brine (10 ml), dried (Na2S04), concentrated, and purified
I

-

on MPLC(chloroform: acetone= 95 : 5) to give 23 as an oil (550 mg,
70%) : [C¥]cr3 +16.2° (c 0.5, CHCl3).
N-(Benzyloxycarbonyl)-0-TetrahydropyranylL-Serinal (23) with Swern System
and Conversion to 2.

Dimethyl sulfoxide (3.5 ml, 50 mmols) in methylene chloride (5
ml) was added dropwise within
magnetically stirred

a cold

(-63 °c)

solution of oxalyl chloride (1.9 ml, 21.5 mmols)

in methylene chloride
mixture was stirred

a 5 min. to

(15 ml) under N2 atmosphere.

for 10 min.

The reaction

To this solution was added dropwise

37
the alcohol

20 (4.42 g, 14.3 mmols) in methylene chloride

(30 ml) in

5

After

15

min.

triethylamine
-63 °c.

reaction,

mixture

stirred

for

The coo 1i ng bath was removed, and the reaction

The organic

extracted

To this

solution

phase was separated,

with methylene chloride

extract

min.,

(12 ml) was added dropwise with 5 min. with stirring

to warm to room temperature.
ml).

was

at

was a11owed

was added water {20

and the aqueous phase was

(20 ml).

The organic

phase and,

were combined, washed with IN HCl {20 ml), water (20 ml), 5%

NaHC03 (20 ml), water {20 ml) successively
concentrated

to give 23 as an oil

and dried

{4.03 g, 92%)

(Na2S04), and

8 9.72

NMR{CDCl3)

(d, lH).

Without

further

puri fi cation,

above

a 1dehyde

23

with

to 1uenesul fon i c acid (400 mg) in methanol (50 ml) was stirred
0c

for

12 hours.

residue

was dissolved

ml), dried
acetone
+0.31°

After

=

concentration

in ethyl acetate

(Na2S04), concentrated,

z as

90 : 10) to give

(c 0.66,

of the reaction

Q-

at 50

mixture,

the

(50 ml), washed with brine (20

and purified

on MPlC (chloroform:

an oil (2.03 g, 53% yield

CHCl3, 90 MHz) tJ 2.63 {s, lH), 3.44

3
20) : [Q'To

(s, 6H), 3.6-

3.9 {m, 3H), 4.43 (d, lH), 5.11 {s, 2H), 5.42 (br s, - lH), 7.34 (s,
SH).

Anal.

Found:

Calcd.

for

C13H19N05:

C, 58.00; H, 6.94; N, 5.45.

C, 57.99;

H, 7.06;

N, 5.20.

Rf {chloroform : acetone

=

80 :

20) 0.44.
Masher's

Ester

mmols) in methylene

of 2.
chloride

trifluoromethylphenylacetic
0.05 mmols).

To a stirred

solution

of

z

(110 mg, 0.4

(15 ml) was added (+)- CX-methoxy~-

acid (105 mg, 0.45 mmols) and DMAP(6 mg,

The reaction

mmols) was added and stirred

was cooled to O 0 c,
at

O

0c

for

EDC (114 mg, 0.6

4 hours

and at

room

38
temperature for overnight.
residue was dissolved

Most of the solvent was removed and the

in ethyl acetate · (20 ml) and lN HCl (5 ml).

The organic layer was separated,

washed with sat.

NaHC03(10 ml),

water (10 ml), dried (Na2S04) and concentrated to give colorless
in quantitative

yield.

oil

Since the product was pure enough to run 19F

NMR,the oil was dissolved in CDCl3and trifluoroacetic

acid (80 : 20

v/v) and the 19F NMRspectrum taken to show -71.526 ppm, -71.642 ppm
with ratio of 4:3 (14%ee).
N-(Benzyloxycarbonyl)-N,0-lsopropylidenyll-Serine Methyl Ester (25a).
N-Cbz-0-THP-l-serine methyl ester (19b) (5.0 g, 14.8

Method A.

mmols) in methanol (80 ml) with Q-toluenesulfonic
mmols) was heated at reflux for 3.5 hours.

acid (300 mg, 1.7

Most of the solvent was

removed in vacuo, the oily residue eluated on flash chromatography
(chloroform:

acetone= 80 : 20) to give 24 as an oil (3.5 g, 94%) :

0

NMR(CDCl3) 3.47 (s, lH), 3.68 (s, 3H), 3.86 (t, 2H), 4.39 (m, lH),
5.07 (s, 2H), 6.11 (d, lH), 7.29 (s, SH). Rf (chloroform:

acetone=

80 : 20) 0.53.
To a stirred

solution of above compound24 (3.5 g, 13.9 mmols)

in acetone (80 ml) and 2,2-dimethoxypropane (20 ml) was added
tol uenesul fonic acid (250 mg, 1.45 mmols) at room temperature.
reaction was stirred

at room temperature for 24 hours.

Q-

The

Most of the

solvent was removed in vacuo and the oily residue was eluated on
flash chromatography (chloroform : acetone= 80 : 20) to provide 25a
as an oil (3.9 g, 96%) : [Cx']63 - 51.3° (c 0.75, CHCl3); NMR(CDCl3,
90 MHz)8 1.4 -1.7 (set of d, 6H), 3.6 - 3.76 (d, 3H), 4.16 (m, 2H),
4.47 (m, lH), 5.12 (m, 2H), 7.31 (d, SH) shown as 2:1 ratio

of
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rotamers or geometric isomers at the urethan function.
for C15H19N04: C, 61.43; H, 6.48; N, 4.78.
6.58; N, 4.72.
Method B.

Rf (hexane : ethyl acetate=

Anal. Calcd.

Found: C, 61.17; H,
50: 50) 0.71.

The reaction mixture of N-Cbz-l-serine (3.0 g, 12.6

mmols)"with .12-toluenesulfonic acid (434 mg, 2.52 mmols) in methanol
(80 ml) was heated at reflux for 2.5 hours.
removed in vacuo and the

oily

residue

Most of the solvent was
was dissolved

in 2,2-

dimethoxypropane (16 ml) a·nd acetone (100 ml) with additiona ·l
toluenesul fonic acid (210 mg).
temperature for 9 hours.

The reaction

was stirred

Q-

at room

Most of. the solvent was removed in vacuo

and the red-black oily residue was dissolved in ethyl acetate

(100

ml), washed with sat. NaHC03(20 ml), brine (30 ml), dried (Na2S04)
and concentrated to provide the oil.

Purification

of product on MPLC

(hexane : ethyl acetate= 80: 20) gave 25a as an oil (3.31 g, 90%) :
[et]1)3 -52.7° (c 1.83, CHCl3); NMRand TLCwere superimposable to the
product of MethodA.
N-{Benzyloxycarbonyl)-N,0-Isopropylidenyll-Serinal {27a) with Modified SMEA-H.
To a stirred

solution of 25a (450 mg, 1.54 mmols) in toluene (15

ml) was added DIBAL-H(IM in hexane, 3.9 ml} under N2 atmosphere at65 °c.

After 30 min. stirring,

modified SMEA-H
(IM solution, mixture

of N-methyl morpholine and Red-Al in toluene, 3.85 ml) was added and
reaction was stirred

at -65 °c for I hour.

The reaction mixture was

poured into the cooled IN HCI (20 ml) and extracted with ethyl ether
( 70 ml) and ethyl acetate

(60 ml).

The extracts

were combined,

washed with brine (30 ml), dried (Na2S04) and concentrated to give
the oil.

Purification

on preparative TLC (hexane : ethyl acetate =

40

60:

23
(170 mg, 42%) : [Q']o
-28.1°

40) gave 27a as an oil

6 1.56

CHCl3); NMR(CDCl3)

(d, 6H), 4.0 - 5.0 (set

(c 0.27,

of m, 3H), 5.23

(s, · 2H), 7.46 (s, SH), 9.73 (s, lH); IR (CHCl3, NaCl) 1730, 1700 cm
-l.

Anal. Calcd. for C14H17N04: C, 63.88; H, 6.46; N, 5.32.

C, 63. 94; H, 6. 52; N, 5. 20.

Found:

Rf ( ch 1oroform : acetone = 90 : 10)

0.52.

N-(Benzyloxycarbonyl)-N,0-lsopropylidenylL-Serinol (26a).
LiAlH4 Method.
hydride

To a stirred . solution

of lithium

aluminum

(200 mg, 5.3 mmols) in THF (25 ml) was added dropwise 25a

°c.

(720 mg, 2.5 mmols) in THF (25 ml) at -15
stirred

at

reaction

-15 °C for

2 hours.

The reaction

was

Water (5 ml) was added and the

was a 11owed to warm to room temperature.

Most of the

so 1vent was removed in vacuo, the residue

was taken up into

acetate

to remove the insoluble

(50 ml) and filtered

materials.
dried

The filtrate

under suction

was separated

(Na2S04) and concentrated

crude product

to give an oil.

organic

Purification

of the
=

90 :

(m, 6H), 3.49 (s, lH), 3.5 - 4.2 (set of

(d, 2H), 7.40 (d, · SH); showed 2:1 ratio

Anal. Calcd. for C14H19N04: C, 63.40; H, 7.17; N, 5.28.
63.17; H, 7.28; N, 5.21.

was

(420 mg, -65%) : [Q:'][J 3 -18.1° (c 1.8, CHC1
3 );

6 1.55

NMR(CDCl3, 90 MHz)

Rf (chloroform:

NaBH4fliCl Method. To a stirred
(740 mg, 20 mmols) and lithium
ml) and ethanol

layer

on fl ash chromatography ( ch 1oroform : acetone

10) gave 26a as an oil

m, SH), 5.20

and the

ethyl

chloride

acetone=

solution

Found:

C,

20) 0.53.

of sodium borohydride

(850 mg, 20 mmols) in THF (20

(30 ml.) was added dropwise solution

mmols) in THF (20 ml) and ethanol

80:

of rotamer.

of 25a (3.0 g, 10

(30 ml) at room temperature.

The
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reaction

was stirred

vacuo, the residue
with brine

4 hours.

95%)

[

superimposable
3100, 1690

The sol vents

was taken up into ethyl

(2 x 30 ml), dried

MPLC(chloroform
g,

for

were removed in

acetate

(150 ml), washed

(Na2S04), concentrated

and purified

on

: acetone = 95 : 5) to provide 26a as an oil (2.52
3
-16.5° (c 0.87, CHCl3); NMR (CDCl3) is

]5

a

to the product

of above method; IR (neat,NaC1)3600-

cwl.

N-(Benzyloxycarbonyl)-N,0-IsopropylidenylL-Serinal (27) by Oxidation of 26a~
Method A.

To a stirred

solution

4.0 mmols) in methylene chloride
sulfoxide

of oxalyl

by alcohol

(20 ml).

at -65

added dropwi se and the cooling

phase was separated.

°c,

triethylamine

bath was removed.

allowed to warm to room temperature.

chloride

(2 ml) at -65

°c,

26a (360 mg, 1.36 mmols) in methylene chloride

After 40 min. stirring

methylene

(0.35 ml,

(2 ml) was added dropwise dimethyl

(1 ml, 14.1 mmols) in methylene chloride

followed

organic

chloride

The reaction

was

Water -(10 ml) was added and

The aqueous layer

(15 ml).

(3 ml) was

The organic

was extracted

with

phase and extract

were

combined, washed with lN HCl (10 ml), water (10 ml), 5% NaHC03 (10
ml),

water

purified

(10 ml) successively,

on preparative

dried

(Na2S04), concentrated

and

provide 27a as an oil

TLC ( ch 1oroform : acetone = 95 : 5) to
(290 mg, 81%) : [ a]ij 3 -2.0 (c 0.85, CHCl3);

NMRwas superimposable

to the product of modified SMEA-Hreduction

25a.

acetone=

Rf (chloroform:
Method B.

)

To a stirred

mmols) in methylene chloride

80:

20) 0.68.

solution

of alcohol

26a (2.3 g, 8.7

(20 ml) with triethylamine

31.2 mmols) was added dropwise sulfur

of

trioxide-pyridine

(4.34 ml,
complex (5.0

42
g, 31.2 mmols) in methylene chloride
The reaction

was stirred

(20 ml) at room temperature.

at room temperature for 5. 5 hours, was

poured into the ice-cold water (30 ml) and extracted with ethyl ether
(3 x 50 ml) and ethyl acetate

(50 ml). The combined extracts

were

washed with IN HCl (30 ml), water (30 ml), sat. NaHC03(30 ml) and
water (30 ml), dried (Na2S04), and concentrated to give the aldehyde
3
27a as an oil (1.92 g, 84%} : [a]6 -10.08 (c 2.28, CHCl3); IR was
superimposable to the product of modified SMEA-H
reduction of 25a.
Conversion of 27a to Alcohol 26a with NaBH4. The reaction
mixture of above pure aldehyde 27a (250 mg, 0.95 mmols) with NaBH4in
ethanol (15 ml) was stirred

at O 0 c for 2 hours.

Most of the solvent

was removed in vacuo, the residue was taken up into ethyl acetate (40
ml), washed with brine (10 ml), dried (Na2S04), and concentrated to
provide an oil.

Purification

on preparative

TLC (hexane : ethyl

acetate= 80 : 20) provided the alcohol 26a in quantitative
[Q'fu 3 -0.71° (c 3.25, CHCl3).

yield

N-(Benzyloxycarbonyl)-2-Amino-3,3Dimethoxy-l-Propanol (2) from 27a.

The mixture of aldehyde 27a (250 mg, 0.95 mmols) with
toluenesulfonic

acid (20 mg) in methanol (20 ml) was stirred

temperature for 20 hours.

Q-

at room

The so1vent was removed in vacuo, the

residue was dissolved in ethyl acetate (40 ml), washed with brine (10
ml}, dried (Na2S04), and concentrated to give an oil.

Purification

of this crude product on flash chromatography (hexane : ethyl acetate
acetone= 80 : 20) provided the acetal z
as an oil (250 mg, 98%) : [a]8 3 - 5.05° (c 4.93, CHCl3); NMRwas

= 60 : 40 and chloroform:

superimposable to the product from acetal ization of 23; IR (neat,

43

Conversion to Masher's ester and 19F

NaCl) 3600 - 3100, 1700 cm -1.

NMRanalysis showed 4:1 ratio of enantiomers (60%ee).
N-(Benzyloxycarbonyl)-8,8-0imethoxyalanine
Methyl Ester (3).

To a stirred

solution of I (220 mg, 0.82 mmols) in acetone (20

ml) was added 1 ml of Jone's reagent (6.68 g of Cr03, 5.58 ml of
H2S04 in 25 ml of water) at room temperature.
stirred
Filtrate

The reaction

at room temperature for 15 hours and filtered

was

on Celite pad.

was evaporated to give oily residue, which was dissolved in

lN HCl (2 ml) and acidified

with 3 N HCl (pH 2).

solution

was extracted

extracts

were dried (Na2S04) and concentrated to give a yell ow oil

( 220 mg).

with ethyl acetate

The aqueous

By NMRand TLC analysis,

complex mixture:

puri fi cation,

the above oil was di sso 1ved in

(30 ml) with DMAP(10 mg) and methanol (2 ml).

The so1ut ion was coo1ed to 2
added.

the product was obtained in .a

NMR(CDCl3)8 10.8.

Without further
methylene chloride

(2 x 30 ml), and the

°c

The reaction was stirred

temperature for overnight.

and EDC (153 mg, 0. 8 mmo
ls) was
at 2

°c

for 2 hours and at room

Most of the solvent was removed in vacuo,

the residue was taken up in ethyl acetate (30 ml) and lN HCl (10 ml).
The organic phase was separated and the aqueous layer was extracted
with ethyl acetate
extracts

(2 x 10 ml).

The combined organic phase and the

were washed with sat. NaHC03(10 ml), brine (10 ml), dried

(Na2S04) and concentrated to give an oil.

Purification

product on fl ash chromatography (hexane : ethyl acetate

of the crude
=

80 : 20)

provided the compound~ as an oil (20 mg, 9%) : NMR(CDCl3, 300 MHz)
03.40 (d, 3H or 6H), 3.77 (s, 3H), 4.60 (m, 2H), 5.11 (m, 2H), 5.5

44
(br d, lH), 7.34 (m, SH). Rf (chloroform:
Attempt of Swern Oxidation of 2.
oxalyl chloride

acetone= 80 : 20) 0.78.
To a stirred

(0.4 ml) in methylene chloride

solution

of

(2 ml) was added

dropwise dimethyl sulfoxide (1 ml) in methylene chloride (2 ml) at65

°c,

followed by acetal I ( 90 mg, 3.3 mmols) in methylene chloride

(10 ml).

The reaction

was stirred

at

Triethylamine (3 ml) was added dropwise at -65
was allowed to warm to room temperature.
stirred

°c

-65

°c

for

30 min.

and the reaction

Water (5 ml) was added and

for 20 min. The organic phase was separated and the aqueous

layer was extracted with methylene chloride

(20 ml).

The combined

organic phases were washed with lN HCl (10 ml), water (10 ml), sat.
NaHC03 (10 ml),
concentration

water

(10 ml),

successively.

and puri fi cation of the crude product on preparative

TLC (hexane : ethyl acet~te = 80 : 20) provided 29 as a white solid
(45 mg) : NMR(CDCl3, 300 MHz)8 4.07 (s, 3H), 5.15 (s, 2H), 6.0 (br
s, lH), 6.81 (s, lH), 7.37 (m, SH), 9.11 (s, lH).
acetate=

Rf (hexane: ethyl

50 : 50) 0.62.

N-(Benzyloxycarbonyl)-2-Amino-3,3Diethylthio-l-Propanol (30a).
To a stirred

solution of I (790 mg, 2.93 mmols) in chloroform

(30 ml) was added ethanethiol
acid (80 mg) at O
was stirred

0

c.

(1.5 ml), followed by Q-toluenesulfonic

After 6 hours stirring

at O

at room temperature for overnight.

added to separate the organic phase.

0

c,

the reaction

Water (5 ml) was

The organic phase was dried

(Na2S04), concentrated,

and the crude product was purified

on MPLC

(chloroform : acetone=

95 : 5 and 80 : 20) to provide 30 as an oil

(720 mg, 75%) : NMR(CDC13,90 MHz)0 1.24 (t, 6H), 2.33 (br, lH),

45
2.63 (q, 4H), 3.85 - 4.07 (set of m, 4H), 5.12 (s, 2H), 5.44 (br,
lH), 7.34 (s, SH). Anal. Calcd. for C15H23N03S2:C, 54.71; H, 6.99;
N, 4.26; S, 19.45.
(chloroform:

'Found: C, 54.70; H, 7.11; N,4.22; S, 19.23. Rf

acetone= 80 : 20) 0.76.

N-(Benzyloxycarbonyl)-O-Tetrahydropyranyl2-Amino-3,3-Ethylsulfinylethylthio1-Propanol (4a).
To a stirred
chloride

solution of 30a (630 mg, 1.9 mmols) in methylene

was added dihydropyran (2 ml), followed by pyridinium

toluenesulfonate

(50 mg) at room temperature.

Q-

After 5 hours stirring

methylene chloride was removed in vacuo, the residue was taken up in
ethyl ether

(20 m), washed with brine (10 ml), dried (Na2S04) and

concentrated to give a brown oil.
Without further
acetate

purification,

above oil was dissolved in ethyl

(15 ml) and to this solution was added dropwise the solution

of m-chloroperbenzoic acid (85%, 350 mg, 1.9 mmols) in ethyl acetate

°c within

(10 ml) at -40
0

c,

the reaction

10 min. After 1 hour stirring

was washed with sat.

at -40 to -20

NaHC03(3 x 10 ml), dried

(Na2S04), concentrated and purified on MPlC (chloroform : acetone=
95 : 5)

to provide 4a as an oil (610 mg, 75%) : NMR(CDCl3, 90 MHz)

01.24 (set of m, 6H), 1.4 - 1.9 (br s, 6H), 2.74 (set of m, 4H), 3.0
- 4.0 (set of m, SH), 4.59 (br s, lH), 5.09 (s, 2H), 5.4 (br s, lH),
7 .34 (s, SH).

Anal. Calcd. for C20H31N05S2:C, 55.94; H, 7 .23; N,

3.26; S, 14.92.
(chloroform:

Found: C, 56.14;

H, 7.23; N, 3.36; S, 15.09.

Rf

acetone= 95: 5) 0.36.

O-Acetyl-N-(Benzyloxycarbonyl)-2-Amino3,3-Dimethylthio-1-Propanol (4b).
The mixture

of

compound

l

(1.8

g,

6.7

mmols) with

Q-

46

toluenesulfonic
0

acid (115 mg) in chloroform (30 ml) was stirred

c for 6 hours and at room temperature for overnight.

at 0
After

evaporation of most of the solvent, the brown residue was eluated on
short column chromatography (ethyl acetate) to give the brown oil.
To a stirred

solution of above oil in pyridine (50 ml) was added

acetic anhydride (30 ml) and mixture stirred
48 hours.

at room temperature for

M_ost of pyri.dine was removed in vacuo, the brown oily

residue was dissolved in ethyl acetate (100 ml), washed with IN HCl
(20 ml),

5% NaHC03(20 ml), brine

concentrated to give an oil.
acetate=

(20 ml), dried

Purification

(NaS04), and

on MPlC (hexane : ethyl

80 : 20) provided 4b as a white solid.

Recrystallization

from ethyl acetate and hexane gave white needles (1.84 g, 80%) : m.p
66 - 88

°c; NMR(CDC1
3)

8 2.0

(s, 3H), 2.1 (s, 6H), 3.6 - 4~6 (set of

m, 4H), 5.2 (s, 2H), 5.4 (br s, lH), 7.4 (s, 5H). Anal. Calcd. for
C15H21N04S2:C, 52,48; H, 6.12; N, 4.08.
N, 4.14.

Rf (hexane : ethyl acetate=

Found: C, 52,62; H, 6.24;

80 : 20) 0.27.

Attempts of Combination of 4a with N-Acetyl-L-Cysteine Methyl
Ester.

To a stirred

solution of compound4a (210 mg, 0.49 mmols) in

chloroform (5 ml) was added BF3 etherate
acetyl-L-cysteine

(1 ml),

followed by N-

methyl ester (170 mg, 0. 9 -mmols) in chloroform (10

ml) at room temperature.

After 24 hours stirring,

the reaction was

concentrated and the residue was taken up in ethyl acetate
and water (5 ml).

The organic layer was separated and the aqueous

phase was extracted with ethyl acetate
phase and extracts

(10 ml)

(2

x

10 ml).

were combined, washed with sat.

The organic

NaHC03(15 ml),

brine ( 15 ml), dried (Na2S04), and concentrated to give brown oil.
Separation on column chromatography (hexane : ethyl acetate : acetone

47
.. 60 : 30 : 10) provided

a colorless

NMR (CDCl3, 360 MHz)32:Dl.32
2.72

(q,

(m, lH,

2H, CH2CH3), 3.18
NHCH), 6.5

(br,

2H, SCH2CH), 3.70
7.3

(m, SH).

51.70,

13c;

51. '93,

170.81,

(s,

the mixture

(t,

( 65 mg) as a major product:

3H, CH2CH3), 2.06

2H, SCH2CH), 3.78

,ll:

lH, NH).

2.00

2H, PHCH2S), 3.75

14.34,

52.62,

171.12.

(t,

oil

23.15,

52.66,

(s,

23.19,

127.19,

ll

of compound

(s,

3H, OCH3), 4.9

3H, . CH3CO), 2.9

32.80,

the

33.64,

of

dimethyl

sulfoxide

128.77,

137.57,

product

was assigned

methylene

chloride

0.2 ml)

in dimethyl

methylene

removed

by filtration.

(3 x 20 ml),

in ethyl

(Na2S04),
the

was the recovered

starting

solution

was concentrated

concentrated

reaction

acid

did

(30 ml)
(1 ml) in
The

ppt.

was

in vacuo

and

washed with water

to provide

not occur

Z-L-

30 min.

The white

(80 ml),

in

(3.5 ml) and

chloride

dropwi se within

acetate

mmols)

of H3P04 (85%,

acetic

for overnight.

The filtrate

By TLC analysis,'

sulfoxide

stirring,

was added

in the freezer

was dissolved
dried

by the

2 hours

( 5 ml)

was stored

as

stirred

of dipeptide

(3 ml) and methylene

After

reaction

the residue

followed

sulfoxide

chloride

solution

2.74 mmols) in dimethyl

(10 ml),

at room temperature.

169.65,

To a

(820 mg, 4.0

(4 ml) was added the

(1.0 g.,

40.66,

and 32.

DCC (Dicyclohexylcarbodiimide)

Ser-Val-0Me27

(m,

(m, lH),

36.83,

Attempted Oxidation of Z-L-Ser-Val-OMe (5).
solution

3H, CH3CO),

3H, OCH3), 4.80

128.51,

Based on NMRanalysis,

(s,

(s,

an oil

at a 11 and the

(1.2 g).
product

material.

Preparation of N-(t-Butoxycarbonyl)-LAlaninal and Conversion to the
Corresponding Alcohol.
To a stirred
chloride

(2 ml),

solution

of oxalyl

was added dropwise

chloride
dimethyl

(0.4

ml) in methylene

sulfoxide

(2 ml) at -60

48
0

c,

followed

([Q']0 3 -10.67°

by Boc-alanino1l6

mg, 1.09 mmols) in methylene
was stirred
dropwise

at
at

-60 °c for

-60 °c

temperature.

chloride

Water

(15 ml).

40 min.,

and the
(5 ml)

reaction

and the

and the aqueous phase was extracted

(10 ml).

The organic
water

phase and extract
{10 ml),

{Na2S04) and concentrated
By TLC analysis,

impurities:

NMR {CDCl3)

5.3

9.66

(m, lH),

(s,

product

0 1.36

lH).

to

warm to

organic

were combined,

5% NaHC03 {10 ml),

the

oil

phase

was

chloride

{10 ml),

in quantitative

was contaminated

acetate

dried
yield

by little

{s, 9H), 4.4

: ethyl

room

washed with lN

brine

{d, 3H), 1.45

Rf (hexane

reaction

with methylene

to give a yellow

{190 mg).

the

(2 ml) was added

was allowed

was added

CHCl3), 190

After

triethylamine

separated

HCl {10 ml),

(c 0.75,

=

{m, lH),
50 : 50)

0.55.
To a stirred

solution

of above aldehyde

at O 0 c.

added NaBH4 (76 mg, 2 mmols) in one portion
at

resulting

sol id was taken

brine

O

0 c,

stirring

(5 ml),

oil.

the

dried

methanol

was

up in ethyl

removed
acetate

of

the

product

90 : 10) to gave the pale yellow

-9.2°

1,

These results

TLC was coincident

showed the alcohol

vacuo,

to

oil
to

2 hours
and

a yellow

TLC (hexane

(120 mg, 63%) :
the

to be 86% optical

the

washed with

provide

on preparative

acetone=

CHCl3);

in

(5 ml) was

After

(15 ml),

{Na2S04) and concentrated

Purification

(c

in methanol

starting

:

[aT6

alcohol.

purity .

Preparation of N-(t-Butoxycarbonyl)-LLeucinal and Conversion to the
Corresponding Alcohol.
To a stirred
methylene

chloride

solution

of oxalyl

chloride

(2 ml) was added dropwise

ml, 2 mmols) in methylene

chloride

(0.15 ml, 1.0 mmols) in
dimethyl

{2 ml) at -60 °c,

sulfoxide
followed

(0.3

by Boe-
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1euc i no116 ( 116 mg, O.53 mmo
1s) ( [ a
methylene chloride
triethylamine

(15 ml).

fo1 -27. go

(c 1. 7, MeOH))in

After 35 min. stirring

at -60

°c,

(2 ml) was added dropwise and the reaction was warmed

to room temperature.

Water (3 ml) was added, the organic layer was

separated and the aqueous layer was extracted with methylene chloride
(10 ml).

The organic phase and extract were combined, washed with lN

HCl (3 x 10 ml), water (2 x 10 ml),

x 10 ml),

5%NaHC03(3 x 10 ml), brine (2

dried (Na2S04), and concentrated to give a yellow oil (110

0

mg, 90%) : NMR(CDCl3) 0.96 (d, 6H), 1.45 - 1.0 (sand m, 12H), 4.2
(m, lH), 5.1 (m, lH), 9.6 (s, lH).

Rf (hexane : ethyl acetate=

50 :

50) 0.72.
The above aldehyde (95 mg, 0.44 mmols), which was stored at room
temperature for several days, was dissolved in methanol (5 ml) at 0
0

c and

NaBH4(20 mg, 0.48 mmols) was added in one portion.

After the

at O 0 c for 2 hours, most of solvent was removed

reaction was stirred

in vacuo and the sol id residue was taken up in ethyl ether (3 x 10
ml).

The etheral

solution was washed with brine (2 x 10 ml), dried

(Na2S04), and concentrated to give a yellow oil.

Purification

of the

crude product on preparative

TLC (hexane : ethyl acet~te = 80 : 20)
oil (75 mg, 79%): [Q']0 3 -19.7 (c 1, MeOH);

provided the· colorless

NMRwas superi mposab1e to starting
acetate=

compound. Rf ( hexane : ethyl

50 : 50) 0.58.

Preparation of N-(t-Butoxycarbonyl)-lValinal and Conversion to the
CorrespondingAlcohol.

To a stirred

solution of LiAlH4 (161 mg, 4.6 mmols) in THF (20

ml} was added dropwise Boc-valine methyl esterl 4 (540 mg, 2.3 mmmols)
in THF (20 ml) at O

0

c.

The reaction was stirred

at O 0 c for 1.5

50
hours.

Water (5 ml) was added carefully and the reaction was allowed

to warmto room temperature.

Most of the organic solvent was removed

in vacuo, the aqueous residue taken up into ethyl acetate (30 ml) and
the insoluble material was removed by filtration.

The filtrate

was

separated and the organic layer was washed with brine (20 ml), dried
(Na2S04), concentrated,
(chloroform:

and

purified

flash

Rf (chloroform:

[Q'Jrr

-18.08° (c 1.2, CHCl3).

acetone= 95 : 5) 0.32.

To a stirred

solution of oxalyl chloride (0.6 ml) in methylene

(2 ml) was added dropwise dimethyl sulfoxide

methylene chloride

(2 ml) at -60

°c,

for 40 min.

(1.4 ml) in

followed by the above alcohol

(290 mg, 1.43 mmols) in methylene chloride (15 ml).
stirred

chromatography

acetone= 98 : 2) to provide the alcohol as a colorless

oil (321 mg, 69% from Boc-valine):

chloride

on

The rea.ction was

Triethylamine (2 ml) was added and the reaction

was warmedto room temperature.

Water (10 ml) was added, the organic

layer

aqueous layer

was separated,

methylene chloride

and the

(15 ml).

was extracted

with

The organic phase and the extract were

combined, washed with IN HCl (10 ml), water (10 ml), 5% NaHC03(10
ml), brine (10 ml), dried (Na2S04), and concentrated to provide the
corresponding aldehyde as an oil in quantitative

yield:

NMR(CDCl3)

01.0 (d of d, 6H), 1.45 (s, 9H), 2.3 (m, lH), 4.3 (m, lH), 5.4 (br,
lH), 9.7 (s, lH).

Rf (chloroform:

acetone= 95 : 5) 0.44.

The above crude aldehyde was dissolved in ethanol (15 ml) and
NaBH4 (114 mg, 3. 0 mmols) was added at O
stirred

at O

0

c

0

c.

The reaction

was

for 2 hours and at room temperature for overnight.

The so 1vent was removed_ and the residue was taken up into ethyl
acetate

(20 ml),

washed with

brine

(10 ml),

dried

(Na2S04),
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concentrated,

and purified

95 : 5) to give an oil

on preparative

TLC (chloroform:

same to the starting

: [O:']cr3 -18.03 (c

(220 mg, 76% from alcohol)

4, CHCl3), 99% ee; NMRwas superimposable

acetone=

and Rf value of TLC was

alcohol.

N-(Benzyloxycarbonyl)glycinal.
To a stirred
(10 ml) at

solution

°c

-20

of Cbz-glycine

was added dropwise triethylamine

mmols) followed by ethylchloroformate
ml) over 10 min.
min.

The reaction

The white precipitate

was added to a solution
at 5

°c.

solution

ml),

dried

Purification

layer

with ethyl

(Na2S04)

was separated

acetate

and

(30 ml).

concentrated

with lN HCl

and the aqueous
The organic

to

give

(440 mg, 95%) : NMR(COCl3)

lH), 5.1 (s,

acetone=

layer

2H), 6.0 (br,

of oxalyl chloride

(2 ml) at -60

°c

°c

for 30 min.,

The reaction

acetone=

0 3.3

(t,

IH), 7.4 (s,

solid.
80 : 20)
2H), 3.7
SH).

Rf

(0.54 ml) in methylene
sulfoxide

(1.0 ml) in

followed by above alcohol

mg, 2.05 mmols) in methylene chloride
-60

white

80 : 20).

solution

methylene chloride

dropwise.

20 min. and at

was acidified

(5 ml) was added dropwise dimethyl

at

30

and filtrate

°c for

at 5

on flash chromatography (chloroform:

To a stirred

stirred

°c for

were combined, washed with 10% NaOH (20 ml), water (20

(m, 2H), 4.1 (s,

chloride

at -20 to -25

was removed by filtration

was allowed to stir

gave the white solid

(chloroform:

was stirred

The organic

phase was extracted
and extract

(0.29 ml, 3.0 mmols) in THF (3

for 4 hours. The reaction

( pH 3) .

(0.42 ml, 3.0

of NaBH4(228 mg, 6.0 mmols) in water (10 ml)

The reaction

room temperature

(500 mg, 2.4 mmols) in THF

(20 ml).

and triethylamine

The reaction

(400
was

(3 ml) was added

was allowed to warm to room temperature,

and

52
water (5 ml) was added.

The organic phase was separated and the

aqueous layer was extracted with methylene chloride

(10 ml).

The

organic phase and extract were combined, washed with lN HCl (10 ml),
water (10 ml), 5% NaHC03(10 ml), brine (10 ml), dried (Na2S04) and
concentrated to give the Cbz-glycinal as an oil (390 mg, 98%) : NMR
(CDCl3)0 9.6.

Rf (chloroform:

acetone= 80 : 20) 0.57.

N-(t-Butoxycarbonyl)-N,0-Isopropylidenyl l-Serinol (26b).

The mixture of Boc-l-serine
toluenesulfonic

(3.0 g,

14.6 mmols) with

Q-

acid (530 mg, 3.0 mmols) in methanol (100 ml) was

heated at reflux for 2 hours.

Most of solveDt was removed in vacuo,

and the residue was dissolved in the mixture of acetone (50 ml), 2,2 dimethoxypropane (20 ml),
toluenesulfonic
6 hours.

methanol (50 ml) and additional

Q-

acid (500 mg). The reaction was heated at reflux for

Most of solvent was removed in vacuo, the oily residue was

dissolved in ethyl acetate (100 ml), washed with brine (20 ml), dried
(Na2S04) and concentrated to give 26b as an oil (3. 5 g, 95%) :
-60. 2° (c 4. 2, CHCl3) (lit21.

+

65.4° for D- isomerP NMR(CDCl3X,

1.3 -1.9 (3 x s, 15H), 3.85 (s, 3H), 4.0 - 4.7 (m, 3H).
ethyl acetate=

[CtfJ

Rf (hexane:

50: 50) 0.83.

The above oxazolidine methyl ester (1.4 g, 5.4 mmols) in THF (20
ml) and ethanol (40 ml) was added dropwise to the mixture of NaBH4
(400 mg, 10.8 mmols) and liCl (460 mg, 10.8 mmols) in THFand ethanol
( 20 + 40 ml) at room temperature.

The reaction was stirred

for 2

hours, most of solvent was removed and the white residue was taken up
into ethyl acetate (150 ml) and water (30 ml).
separated,

dried

(Na2S04), and concentrated

The organic layer was
to

give

an oil.
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Purification

on flash chromatography (hexane : ethyl acetate= 90
10) provided 26a as an oil (1.3 g, 100%) : [a]~ 3 -2s.2° (c 1,

CHCl3); NMR(CDCl3)0 1.55 (s, ISH), 2.0 (t, lH), 3.5 - 4.5 (m, SH);
IR (neat, NaCl) 3700 - 3100, 1670 cm-1. Rf (hexane: ethyl acetate=
50 : 50) 0.45.
N-(t-Butoxycarbonyl)-N,0-lsopropylidenylL-Serinal (27b) and Conversion to (26b).

To a stirred

solution of oxalyl chloride (1.2 ml, 13.6 mmols) in

methylene chloride

(5 ml) was added dimethyl sulfoxide

methylene chloride (10 ml) at -60

°c,

(3 ml) in

followed by alcohol 26b (1.2 g,

5.2 mmols) in methylene chloride (20 ml).

The reaction was stirred
•,

for 30 min., triethylamine

(5 ml) was added, and the reaction was

warmed to room temperature.

Water (20 ml) was added and the organic

layer was separated. The aqueous layer was extracted with methylene
chloride

(50 ml).

The organic phase and extract

were combined,

washed with IN HCl (20 ml), water (20 ml), 5% NaHC03(20 ml), water
(20 ml),
quantitative

dried

(Na2S04) and concentrated

yield.

to provide an oil

in

Sma11 amounts of crude product was taken and

purified

on preparative TLC (hexane : ethyl acetate = 80 : 20) for
analysis : [a]cr 3 -76.8° (c 0.29, CHCl3); NMR(CDCl3)0 9.7. Rf
(hexane : ethyl acetate=
To a stirred

50 : 50) 0.59.

solution

of above crude a1dehyde (130 mg, 0. 56

mmols) in methanol (20 ml) was added NaBH4 (SO mg) at
temperature. · The reaction was stirred
organic sol vent was removed.

room

for 4 hours and most of the

The residue was taken up in ethyl

acetate (20 ml) and brine (10 ml).

The organic layer was separated,

dried (Na2S04), concentrated and purified on preparative TLC (hexane
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: ethyl acetate=

[a]t? -24.64
starting

90 : 10) to provide a colorless oil (85 mg, 65%)

(c 1.1, CHCl3), 98%ee; NMRwas superimposable to the

alcohol.

N-(Benzyloxycarbonyl)-L-Methionol (37).

To a stirred

solution of N-Cbz-L-methionine (2.0 g, 7.07 mmoml)

in methylene chloride (30 ml) was added methanol (4 ml) and DMAP
(86
mg, 0. 7 mmo
ls) .

The reaction was coo1ed to O 0 c, EDC( 1. 62 g, 8. 5

mmols) was added and the reaction was stirred
at room temperature for overnight.
by evaporation and the resulting
acetate

The organic solvent was removed
oily residue was taken up in ethyl

(20 ml) and water (20 ml).

and aqueous phase was extracted

at O 0 c for 2 hours and

The organic layer was separated

with ethyl acetate

(20 ml).

The

organic phase and extract were combined, washed with sat. NaHC03(30
ml), brine (30 ml), dried (Na2S04), and concentrated to provide the
colorless

oil (2.12 g, quantitative).

Rf (chloroform:

acetone= 80

20) 0. 69.
Without further purification,

above oil was dissolved in THF(35

nml) and was added dropwise to liAlH4 (500 mg, 14.1 mmols) in THF(35
ml) at 5

°c.

The reaction was stirred

at 5

°c for

1.5 hours.

After

the reaction was quenched with water (20 ml), most of organic solvent
was removed by evaporation and the resulting
up in ethyl acetate(lOO ml).

gray residue was taken

The insoluble materials were filtered

off and from the fi 1tr ate was separated the organic phase.
aqueous layer was extracted with ethyl acetate (20 ml).
phase and extract

The

The organic

were combined, washed with brine (30 ml), dried

(Na2S04) and concentrated.

Purification

on MPlC (chloroform :

acetone = 90 : 10) provided 37 as an oil (1.61. g, 85% from Cbz-l-

55
: [ a]o 3 -16.8°

methionine)
2H}, 2.09
5.33
H,

(s,

3H), 2.51

{m, lH),
7.06;

7.36

N,

(chloroform:

(s,

(c 0.5,

(m, 3H), 3.48 - 4.09
SH).

5.20.

Anal.

Calcd.

C,

57.84;

Found:

acetone=

0 1.84

CHCl3); NMR (CDCl3)

(m, 3H}, 5.12

(m,

{s, 2H},

for C13H19N03S: C, 58.00;
H,

6.91;

N,

5.31.

80 : 20) 0.35.

(S)-2-(Benzyloxycarbonylamino)-4-MethylsulfinylO-(Tetrahydropyranyl)-Butan-1-o1 (38) .,
The mixture
pyridinium

Q-toluenesulfonate

was stirred
solvent
ethyl

of 37 (1 . 2 g, 4.5 mmols), dihydropyran

at

(120 mg) in methylene

room temperature

for

12 hours.

was removed in vacuo and the resulting
acetate

(80 ml), washed with brine

concentrated

to give

an oil.

oil

and

chloride

(50 ml)

Most of

organic

was dissolved

(20 ml), dried

Rf (chloroform

(2 ml),

in

(Na2S04),

: acetone

and

= 80 : 20)

0.69.
To a stirred

solution

was added dropwise
ethyl

acetate

-40 °c for

m-chloroperbenzoic

(20 ml) at -40 °c.

acetate

(20 ml),

dried

solution

CHCl3); NMR (CDCl3)

(s,

(q,
SH).

Found:
20) 0.15.

The reaction

8

2H), 3.4 - 4.3
Anal.
C, 58.36;

Calcd.

oil

1.54

: acetone

6H), 2.15

(m, SH), 4.54
for:

H, 7 .22;

was stirred

= 80

the

.

brown oil.

: 20)

gave

3
[a.ib
-12.63°

(br s, lH),

Rf (chloroform

5.15 (s,

the

(c 4 . 3,

(m, 2H), 2.48

C18H27N05S; C, 58.54;
N, 3.67.

at -35 to

NaHC03 (20 ml), water

to provide

(1.50 g, 90%) :

(br s,

(30 ml)

was warmed to room temperature

(Na2S04) and concentrated
on MPlC (chloroform

acetate

(85%, 1.0 g, 5 mmols) in

was washed with sat.

compound 38 as a colorless

2.69

acid

1 hour and the reaction

The ethyl

Purification

of above compound in ethyl

(s,

3H),

2H}, 7.39

H, 7 .32; N, 3. 79.
: acetone

= 80 :

56
(S)-2-(Benzyloxycarbonylamino)3-Buten-l-ol (39).

The solution of 38 (1.3 g, 3.54 mmols) in Q-dichlorobenzene (50
ml) was heated at reflux for 24 hours.
was removed in vacuo, the resulting

Most of the organic solvent
black residue was eluated on

flash chromatography (chloroform : acetone=

95 : 5) to provide the
compound38 as an oil (390 mg, 50%) : [ a153 -31.3° (c 0.6, CHCl3)
[lit30.

-32.1°];

NMR(CDC1
3)

3.69 (br d, 3H), 4.34 (m, lH), 5.15

(s, 2H), 5.24 - 5.48 (m, 2H), 5.78 (ddd, lH), 7 (m, lH), 7.42 (s,
SH). Rf (chloroform:

acetone= 80: 20) 0.66.

(S)-2-(Benzyloxycarbonylamino)-3-Buten-l-al
(40) and Conversion to 39.

To a stirred

solution of oxalyl chloride (0.36 ml, 4.0 mmols) in

methylene chloride

(5 ml) was added dropwise dimethyl sulfoxide

(1

ml) at -65 °c under N2 atmosphere, followed by 39 (330 mg, 1.5 mmols)
in methylene chloride (25 ml).
triethylamine

for 30 min.,

(3 ml) was added and the reaction was allowed to warm

to room temperature.
was separated.
chloride

The reaction was stirred

Water (10 ml) was added and the organic phase

The aqueous layer

(20 ml).

was extracted

with methylene

The organic phase and extract

were combined,

washed with IN HCl (10 ml), water (10 ml), sat. NaHC03(10 ml), water
(10 ml), dried (Na2S04) and concentrated to give a brown oil (250 mg,
76%). By TLC analysis showed the product was contaminated by small
amount of impurities.

Rf (chloroform:

acetone= 80 : 20) 0.77.

To the above aldehyde (31 mg, 0.14 mmols) in methanol (5 ml) was
added NaBH4(20 mg) in one ' portion at room temperature.
hours stirring,

most of solvent was removed by evaporation,

After 12
and the

residue was eluated on short column chromatography (ethyl acetate) to

57

provide an oil . Purification
acetate=

on preparative

TLC (hexane : ethyl
80 : 20) gave a colorless oil (30 mg, 96%) : [Q:']5 3 -32.0°

(c 0.05, CHCl3) showed >98%optical retention.
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